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D
RIVING IS AN ESSENTIAL aspect of maintaining an independent lifestyle and can impact an individual's general quality of life. However, although the ability to drive an automobile does enhance autonomy, it also poses potential safety risks both to the individual and to others in society. Prior research has shown the link between the presence of cognitive and physical impairment and driving safety risks. Specifically, the relationship between cognitive impairment and driving capacity has been well documented in various neurologic disorders (eg, stroke, traumatic brain injury). [1] [2] [3] [4] Given the recent evidence of deficits within cognitive domains traditionally related to driving capacity (eg, information-processing speed, attention) in individuals with multiple sclerosis (MS), [5] [6] [7] [8] it can be anticipated that some persons with MS will show impairments in the ability to drive automobiles. Despite this, only a handful of studies have examined driving capacity among individuals with MS 9-11 and only one 11 has directly established that the presence of cognitive impairment in MS can negatively affect driving skills and abilities. In the latter, persons with MS who have cognitive impairment showed significantly poorer performance on computerized measures of driving capacity when compared with persons with MS without cognitive impairment and healthy controls. 11 One method for evaluating driving ability is the use of driving records maintained by government agencies. Results from one Norwegian study 10 performed by using this method with MS subjects suggests that drivers with MS caused significantly more crashes and committed more offenses when compared with a healthy control group. However, this study did not differentiate between the presence of physical and cognitive impairments.
Our study examined driving performance among licensed individuals with MS, both with and without cognitive impairment, and used an objective and real-life measure of driving behavior. Specifically, we compared incidence of motor vehicle crashes (MVCs) and violations as documented by driving reports from the Department of Motor Vehicles (DMV). It was hypothesized that individuals with MS and cognitive impairment would show a higher incidence of MVCs and violations when compared with individuals with MS without cognitive impairment and healthy controls.
METHODS
Participants included 27 individuals with MS and 17 healthy individuals (controls). All participants were community-dwelling, licensed drivers. Groups were matched on age, sex, and years of driving experience. A diagnosis of MS was confirmed through medical records provided by treating physicians. Subjects with MS were recruited by advertisements through the Greater North Jersey Chapter of the National Multiple Sclerosis Society, the Bernard Gimble Multiple Sclerosis Comprehensive Care Center, and from prior research study databases within our laboratory. Control subjects were recruited from hospital staff by bulletin announcements. Subjects with prior neurologic disorders, psychiatric illness, or history of substance abuse were excluded from the study. MS subjects who reported an exacerbation of symptoms within 1 month before testing were also disqualified. All subjects completed an institutional review board-approved consent form at the initiation of the testing session, and all testing was completed within 1 session.
At the time of testing, all subjects held valid driver's licenses in the states of New Jersey or Pennsylvania and were under the age of 55. Driving requirements included active driving status, a minimum of 1 year of driving experience, and accordance with the visual requirements of the Department of Transportation of New Jersey or Pennsylvania. Specifically, active driving status was defined by using 2 measures. First, all subjects were required to have maintained a valid driver's license throughout the past 5 years; this was confirmed by DMV reports. Second, subjects were required to have been actively driving continuously for the past year. None of the subjects in our study reported stopping his/her driving for any significant amount of time or relinquishing his/her driving privileges. All subjects reported living and driving in the northern New Jersey and eastern Pennsylvania geographic area. As such, no gross differences in driving environments (ie, rural vs city) were reported by subjects. Finally, because we were interested in the cognitive factors that influence driving, without the confounding effect of physical limitation, only subjects with minimal to no physical involvement were included in the study. Physical limitation was defined by a score of greater than 3 on the Ambulation Index, 12 which is an assessment of timed walking and transfer. It is scored on an ordinal scale that ranges from 0 (normal gait) to 9 (unable to ambulate or transfer). 13 MS subjects with a score greater than 3 (walks independently, able to walk 25ft in Յ20s) were not included in the study. All participants were also required to be independent of assistive driving devices at the time of the evaluation.
Of the MS participants, 59% (nϭ16) were categorized with a relapsing-remitting, 7% (nϭ2) with secondary progressive, and 4% (nϭ1) with primary progressive course of MS. For the remaining individuals (nϭ8), a definitive course of MS was not obtainable. For driving behavior, 78% (nϭ21) of the individuals with MS reported no change in driving habits since diagnosis and 70% (nϭ19) indicated that they primarily drove alone. At the time of testing, 63% (nϭ17) of the MS participants were employed. Of those working, 71% (nϭ12) reported a full-time occupation (40h/wk), with the remaining 29% (nϭ5) reporting work in a part-time capacity (Ͻ40h/wk).
For the purposes of our study, the MS sample was divided into 2 groups: MS subjects without cognitive impairment (MSϪ, nϭ14) and MS subjects with cognitive impairment (MSϩ, nϭ13). Definition of cognitive impairment was based on a technique used in prior studies with MS samples. 14, 15 Specifically, MS subjects were compared with healthy controls by using 6 neuropsychologic tests (see descriptions later). Individuals who performed at or below the fifth percentile of performance on 2 or more of the neuropsychologic tests within the present control sample were categorized as being cognitively impaired.
The 2 MS groups did not differ in mean age (F 1,26 ϭ1.7, Pϭ. 19) , duration of illness (F 1,26 ϭ.09, Pϭ.76), or total number of years driving (F 1,26 ϭ2.5, Pϭ.13). A difference in years of education was found between the 3 groups (F 1,44 ϭ4.8, Pϭ.01), with the control group reporting an average of 15.1 years, the MSϩ reporting an average of 14.7 years, and the MSϪ reporting an average of 16.9 years. A difference in average number of days per week driving was also found between the 3 groups (F 1,44 ϭ4.8, Pϭ.01), with the control group reporting an average of 6.9 days, the MSϪ reporting an average of 6.6 days, and the MSϩ reporting an average of 5.3 days. A summary of the demographic and other descriptive characteristics of the groups can be found in table 1.
Neuropsychologic Measures
Subjects were administered a battery of standardized neuropsychologic tests selected on the basis of the recommendations from the Cognitive Function Study Group of the National Multiple Sclerosis Society and prior neuropsychologic studies of driving in other neurologic populations. Specifically, the battery included the following.
Paced Auditory Serial Addition Test. The Paced Auditory Serial Addition Test 16 requires the subject to add randomized single digits presented auditorily via cassette tape so that each digit is added to the one immediately preceding it. Fifty digits are presented in each of 4 trials, varying in speed of presentation (2.4, 2.0, 1.6, 1.2s). Performance is evaluated by calculating the number correct or percentage correct on each trial and across trials.
Wechsler Adult Intelligence Scale-Revised digit symbol. The Wechsler Adult Intelligence Scale-Revised 17 (WAIS-R) digit symbol test requires the examinee to substitute a geometric figure for a randomized presentation of a number. The appropriate geometric figure is shown in a key containing the corresponding Arabic numbers 1 through 9, each with a different geometric figure. WAIS-R block design. The WAIS-R block design test 17 consists of a set of 13 modeled or printed 2-dimensional geometric patterns that the subject is required to replicate within a specified time limit using 9 red and white cubes.
Stroop Color-Word Test. The Stroop Color-Word Test 18 task involves 3 trials. In the first trial, the subject is asked to read a list of color names (blue, red, green) printed in black ink as quickly as possible. The second trial involves the color naming of blocks of x's (ie, xxxx) written in 1 of 3 ink colors (blue, red, green). The final trial again involves the naming of ink colors. However, on this trial, the ink color is different from the name of the color. Therefore, this trial requires the subject to inhibit the automatic response of reading the color name and to offer the desired response: the color of the ink. This task is based on the finding that it takes longer to call out the color names of color patches than to read words and even longer to read printed color names when the printed ink is in a different color than the name of the color word. This latter observation has been attributed to a number of possible factors, including the presence of a response conflict, failure of response inhibition, and poor selective attention.
Trail Making Test. The Trail Making Test 19 (TMT) is given in 2 parts. In part A (TMT-A), the subject is asked to draw lines to connect consecutively numbered circles on a worksheet as quickly as possible (ie, 1, 2, 3, and so on). In part B (TMT-B), the subject must connect the same number of consecutively numbered and lettered circles on another worksheet by alternating between the 2 sequences of numbers and letters (ie, 1, A, 2, B, 3, C, and so on). Again, the subject is asked to connect the circles as quickly as possible. Motor-Free Visual Perceptual Test-Revised. The MotorFree Visual Perceptual Test-Revised 20 is a visual perception test that avoids any motor involvement. The test includes 40 items, which are subdivided into 5 visuoperceptual constructs (spatial relationships, visual discrimination, figure ground, visual closure, visual memory). The stimuli are presented visually, and response choices are presented in a multiple-choice format.
Administration and scoring of all neuropsychologic tests were in accordance with standard published procedures. Table  2 summarizes group performances on the neuropsychologic measures.
Driving measures. Driving records from the DMV from the states of New Jersey and Pennsylvania were obtained for each subject following consent and DMV requirements. In New Jersey and Pennsylvania, these reports are available for research purposes, on request, for a nominal fee. Each report summarized documented DMV activity for each individual for the past 5 consecutive years. This consisted of a listing of documented motor vehicle violations, crashes, and current points against the licensed driver. The reports did not include detailed information about these events. For each participant, the total number of documented MVCs and violations (as defined by DMV) were recorded.
We hypothesized that there would be statistically significant associations between group membership and MVCs and violations. That is, the MSϩ group would have a higher incidence of crashes and violations. Both incidences of crashes and violations were highly skewed; consequently, both variables were converted into binary format (ie, no violations vs 1 or more violations, no crashes vs 1 or more crashes). For analysis, 2 singly ordered contingency tables were created, in which we compared the 3 different groups, each generating an ordered categoric response (tables 3, 4) .
Given the small sample size and unbalanced data set, asymptotic P values were potentially unreliable. Thus, exact nonparametric methods were used for analysis with StatXact. 21 ,a Kruskal-Wallis tests were used to examine the association between the 3 groups and incidence of violations and incidence of accidents. For significant findings, the Fisher exact test was used to locate pairwise differences in the tables.
RESULTS

Comparison of Crashes
Crash data are presented in table 3. A statistically significant association was found between group and incidence of MVCs ( 2 2 ϭ12.36, Pϭ.0013). Pairwise comparisons of the groups revealed that the MSϩ group showed a significantly greater incidence of 1 or more crashes when compared with both the MSϪ ( 1 2 ϭ6.9, Pϭ.01) and control ( 1 2 ϭ8.4, Pϭ.01) groups. Comparison of the MSϪ and control group revealed no statistically significant difference in incidence of accidents ( 1 2 ϭ.27, Pϭ1.0).
Comparison of Violations
Violations data are presented in table 4. No statistically significant association between group and incidence of motor vehicle violations was found ( 2 2 ϭ.02, Pϭ1.0). All 3 groups showed a low incidence of violations. Specifically, for the control group, 76% had no documented violations, and 24% had 1 or more documented violations; for the MSϪ group, 79% had no documented violations, and 21% had 1 or more documented violations; and for the MSϩ group, 77% had no documented violations, and 23% had 1 or more documented violations.
DISCUSSION
Based on DMV documented incidents of MVCs and motor vehicle violations, the current findings indicate that the presence of cognitive impairment in drivers with MS may be associated with an increased risk of MVC involvement. Although this is consistent with prior studies indicating that drivers with MS cause more crashes, 7 the current findings more specifically underscore the impact of cognitive impairment on driving performance in a sample of MS subjects with minimal to no physical impairment.
In addition, the finding that individuals with MS with cognitive impairment did not differ in incidence of motor vehicle violations suggests that compliance with driving regulations is not altered among this group. However, it is interesting to note that the MSϩ group also reported the lowest frequency of driving activity (defined as total number of days driving per week). This may suggest that, despite driving less, individuals with MS and cognitive impairment still demonstrate a higher incidence of accidents. Although these findings are provocative, some limitations of this study include a small sample size and the inclusion of only individuals with MS without physical problems, which may limit the generalization of the findings to the MS population as a whole. However, a prime purpose of our study was to examine the influence of cognitive impairment on driving ability, without the confound of physical problems. It is recommended that future studies examine the influence of cognitive impairment in individuals with MS with and without physical limitations. In particular, given the diverse presentation of both cognitive and physical impairments noted in MS, research examining these factors will be pertinent to the development of driving evaluation protocols and retraining recommendations for this clinical population.
It can also be argued that the geographic scope of these findings is limited to only the northern New Jersey and Pennsylvania area, and therefore results may vary in other parts of the country. This is a common limitation of studies examining driving behavior. Future studies examining driving in different types of driving environments could help to better define driving behavior among individuals with MS. In addition, although the current study reported that MSϩ individuals showed a higher incidence of 1 or more MVCs, it does not provide detailed information regarding the type of crashes. Although it is not the standard procedure of most state transportation departments to make available details of MVCs, in some states access to crash reports is available to researchers through other public agencies. Studies examining such detailed reports are needed to provide a more accurate description of the types of crashes in which individuals with MS may be involved.
CONCLUSION
It is important to note that very little work has been done examining driving capacity among individuals with MS, and the current findings represent one of the first studies to examine driving performance based on DMV records in the United States with this clinical population. The major finding of this study is that a significantly higher number of crashes are noted among drivers with MS who have cognitive impairment. However, given the significant potential negative consequences of the loss of driving privileges and the various issues that remain to be addressed, the results should be viewed as preliminary and interpreted with caution. Specifically, although these initial findings suggest that driving capacity may be altered in some individuals with MS, they do not indicate that simply carrying a diagnosis of MS would warrant reduction or elimination of driving privileges for such persons. Rather, the findings suggest that clinically a comprehensive driving evaluation may be a beneficial component of treatment for many individuals with MS. In addition, other practical implications include increasing awareness about potential changes in driving capacity among this clinical population and encouraging dialogue among health care professionals, patients, and family regarding the very sensitive topic of driving capacity. Given the myriad of issues that have been discussed, it is evident that many factors remain to be investigated to enhance driving safety. Health care professionals need to be cognizant of the importance of incorporating cognitive evaluations in their assessment and determination of driving capacity of individuals with MS.
